Callus cultures were initiated from epicotyls of field pea (Pisum sativum, L. cv. Solara). Growing cells were exposed to increasing concentrations of NaCl on modified PC L 2 basal medium. A callus culture were exposed to different concentration of NaCl from 0 -400 mol m . The concentration of 400 mol m -3 NaCl proved completely inhibitory to the growth of calli. After incubation the cell suspensions for 28 days cells which tolerate this concentration of NaCl grew to form cell clones. Selected clones were characterized with regard to their growth behavior, K + , Na + and free proline contents when callus grown under stress as well as on normal media were compared with the normal sensitive callus. Under normal conditions, however, the amounts of free proline in selected and non selected calli were compared. Salt selected cells accumulated higher levels of free proline under NaCl stress compared to wild type cells. The selected callus was capable of growing on medium containing NaCl at the inhibitory concentration. The K + content of the selected callus was lower in the case of the NaCl medium than for the normal medium. However, with increasing salinity concentrations however, the selected clones maintained higher K + and Na + levels, compared with the wild type cells.
INTRODUCTION
Pea (Pisum sativum, L.) is a member of family Leguminosae, mainly cultivated for its edible seeds and also for cattle fodder. Pea has a wide variety of uses and is grown as a cheap source of protein. It is commonly used in the form of fresh peas and edible podded type. It has been economically grown for the canning industry and traditionally for dry grain or fresh fruit. The crop is generally grown on residual moisture under rain fed conditions and experiences frequent a biotic stress of varying intensity and duration during growth period. Drought and salinity are two major environmental factors determining plant productivity and plant distribution. Drought and salinity affect more than 10 percent of arable land and desertification and salinization are rapidly increasing on a global scale, declining average yield for most major crop plants by more than 50 percent (Bray et al., 2000) . Salt stress may also occur in areas where soils are naturally high in salt and / or where irrigation, hydraulic lifting of salty underground water, or invasion of sea water in coastal areas brings salt to the surface soil that inhabit plants. Globally 20% of irrigated land and 2.1% of dry land agriculture suffers from the salt problem (FAO, 2000) . Plants have evolved mechanisms that allow them to perceive the incoming stresses and rapidly regulate their physiology and metabolism to cope with them (Zhang, et. al., 2006) . Adaptation of the plant cells to high salinity involves osmotic adjustment and the compartmentation of toxic ions. Whereas an increasing body of evidence suggests that high salinity also induces oxidative stress (Gomez, et. al.,1999 (Gomez, et. al., & 2004 . Therefore, antioxidant resistance mechanisms may provide an strategy to enhance salt tolerance. Salt stress increases the rate of reactive oxygen species (ROS), via enhanced leakage of electron to oxygen in the chloroplasts and mitochondria (El-baky, et. al., 2003) . Plants with high levels of antioxidants, either constitutive or induced, have been reported to have greater resistance to this oxidative damage (Young and Jung, 1999) . Adaptation of soybean cell suspension cultures to NaCl led to reduced fresh weight gain while dry weight gain remained unaffected. The reduction in cell fresh weight was not due to failure to the cells to maintain turgor since cells adapted to NaCl underwent osmotic adjustment in excess of change in water potential caused by addition of NaCl to the medium (El Sayed, 2010) .
In the recent past, tissue culture has been successfully employed for selecting useful variant/mutant cell lines (Hasegawa et al.,1984; Van Swaaij et al., 1986; Thorpe, 1987 & Kumar and Sharma, 1989) . There are now several reports regarding the selection of NaCl resistant cell/callus (Dix and Street, 1975; Croughan, et. al., 1978; Hasegawa, et. al., 1980; Watad, et. al., 1983; Pandey and Ganapathy, 1984 b) . A potential application of such studies is the subsequent regeneration of tolerant plants, which has been achieved in some species (Nabor, et. al., 1980; Chandler and Vasil, 1984 ; Mc Hughen and system for assessing the physiological effects of salinity at the cellular level (Lener, 1985) . When compared with normal sensitive cells, salty tolerant cell lines can provide a useful means of measuring the capacity and range of stress tolerance and may be used in order to elucidate tolerance mechanisms at the cellular level. Saker, et. al., (2008) enhanced regeneration and transformation efficiency of the local Egyptian tomato cultivar by rest of explants include radicast, hypocotyls and one cotyledonary leaf only on basal MS medium. Seedlings of Pisum sativum, L. explants of stems, leaves, roots and cotyledons were cultured on a range of growth media. Successive subcultures of nodal stem callus resulted in proliferation of regenerative callus which contained several shoot bud initials (El Sayed, 2011) .
The objective of this study was to quantify the effect of NaCl treatment of salinity tolerance in pea. The results showed the describes the isolation procedure, growth characteristics, inorganic nutrients K + , Na + and accumulation of free proline contents of normal and NaCl selected callus cultures of Pisum sativum, L. cv. Solara.
MATERIALS AND METHODS

Establishment of Callus Cultures:
Callus cultures of field pea (Pisum sativum, L. Subsp. Ravens cv. Solara) were initiated from epicotyls of aseptically grown seedlings. Epicotyls (3.0 mm in length) were transferred aseptically to 100 cm 3 Erlenmeyer flasks containing PC L 2 (Phillips and Collins, 1979) 
Screening of the NaCl Resistant Callus Line :
The spontaneous mutant cells resistant to NaCl were screened from the callus culture of Pisum sativum during the imposition of a step wise increase in NaCl concentration in the medium. No physical or chemical mutagen was employed for their isolation. The activity growing fresh calli were exposed to increasing concentrations of NaCl (0, 50, 100, 150, 200, 250, 300, 350 & 400 mol m -3 ) in order to determine the concentration at which growth of normal calli was completely inhibited. The appropriate concentration, once determined was used for selection of a mutant callus line resistant to this concentration of NaCl.
Growth Criteria:
Determinations of Fresh and Dry Weights : The growth rate of the callus was measured in terms of both fresh and dry weight. A known weight of callus was inoculated into 100 cm 3 Erlenmeyer flasks containing modified PC L 2 basal medium, using 20 replicates. Subsequently, at 7 day intervals, the callus from 5 flasks was removed and its fresh weight determined. It was then oven dried at 80 o C for 48 h prior to determination of its dry weight. This procedure was repeated up to 35 d after inoculation.
Organic and Inorganic Solute Analysis:
Estimation of K + , Na + and free Proline Contents: A portion (50 mg) of dried, well ground callus tissue was transferred to a 50 cm 3 digestion flask, to which 3.0 cm 3 of a mixture of concentrated H 2 SO 4 and HClO 4 in the ratio 9:1 (v/v) were added. The flasks were heated gently over a hot plate for 5-10 min. until the solution became colourless. The digest was cooled and diluted appropriately by addition of double distilled water. K + and Na + in the final acid digest extract were determined using an Elico Digital Flame Photometer Model CL 220. Free proline was estimated according to the method of Bates, et. al., (1973) . All experiments were repeated at least five times.
RESULTS AND DISCUSSION
Selection of NaCl Resistant Callus Line:
The fresh callus was grown on modified Phillips and Collins (1979) ). The clones which appeared after 28 -35 day growth were isolated and tested for stability of NaCl resistance by growing them in the absence of an NaCl source for three transfers over a period of 70 day. The resistant clones were then transferred to fresh medium containing NaCl at the inhibitory concentration where they grew satisfactorily. The clone which showed resistance to NaCl was termed the "resistant" (RC) callus line, whereas, callus unable to grow at the inhibitory or selective NaCl concentration was referred to as "sensitive" (SC) callus line.
Growth
Characteristics:
), a gradual decrease in both fresh and dry weight of callus was observed (Figs.1 &2) and (Appendix Tables 1&2). There was almost complete inhibition of callus growth at 350 mol m -3 NaCl. Several workers using different plant species has reported similar growth inhibition kinetics on exposure of cultured cells to increasing levels of NaCl (Nabors et al., 1975; Croughan et al., 1978; Tal, 1983) . In the present study, at low concentrations of NaCl (50 -150 mol m -3 ), callus growth was stimulated, as evidenced by a gain in both fresh and dry weight (Figs.1 &2) and (Appendix Tables 1&2). At low concentrations stimulatory effects of NaCl at low concentrations have also been reported for cultured cells of other systems (Gale and Boll, 1979; Gosal and Bajaj, 1984; Pandey and Ganapathy, 1984a) . These observation suggest that the osmotic strength of the medium was suboptimal and that the presence of low levels of NaCl in the medium stimulated cell growth. (Dix and Street, 1975; Nabors et al., 1975; Maliga, 1980; 1984 &Kumar and Sharma, 1989 ). The NaCl-Resistant callus (RC) contained higher levels of Na + when grown under NaCl (350 mol m -3 ) stress, but Na + levels remained low and comparable to those of the non selected line when both were grown on normal medium (Fig. 6 & Appendix Table  6 ). The sensitive callus (SC) and NaCl-Resistant callus (RC) lines showed an increased Na + content with increasing levels of NaCl in the medium, but the latter maintained higher levels of Na + than the former when subjected to the same degree of salinity stress (Fig. 5 & Appendix Table 5 ).. The present findings with regard to K + and Na + content in the NaClResistant callus (RC) and sensitive callus (SC) lines are in agreement with the observations of other workers (Croughan, et. al., 1978; Watad, et. al., 1983 & Kumar and Sharma, 1989) . Ahmad et. al., (2008) were observed the effect of different concentrations of NaCl on the nutrients of salt stressed leaves of pea cultivar. Na + and Cl -increases as the concentration of NaCl increases in both the cultivars of Pisum sativum.
The Content of Free Proline:
The endogenous levels of free proline were low and were comparable in sensitive callus (SC) and NaCl-Resistant callus (RC) grown on normal medium, except on day 14 when the NaCl-Resistant callus (RC) showed a slight increase compared to sensitive callus (SC) (Fig. 7 & Appendix Table 7 ). On the other hand, when grown under NaCl stress the NaCl-Resistant callus (RC) showed in (Fig. 7 & Appendix Table 7 ). On the other hand, when grown under NaCl stress the NaClResistant callus (RC) showed greater accumulation of proline than either sensitive callus (SC) or NaClResistant callus (RC) lines grown on normal medium (Fig. 7 & Appendix Table 7 ). Similar observations have been made for several other plant species (Dix and Pearce, 1981; Watad et al., 1983; Pandey and Ganapathy, 1985) . Ahmad et. al., (2008) were observed the sharp increase in the accumulation of proline in both the varieties of Pisum sativum at all stress regimes. Values are the average of five replicates ± Standard Error (S.E.). In general, the NaCl selected calli do maintain higher levels of K + and proline compared to the sensitive callus (SC) confirming previous reports for other plant species (Croughan et al., 1978; Dix and Pearce, 1981; Watad et al., 1983; Pandey and Ganapathy, 1985) . The fact that the selected cell lines demonstrated growth and accumulated proline at the levels of NaCl which completely inhibit growth of normal cells suggests the possibility of an osmoregulatory role for proline. Such a conclusion have been drawn by and Binzel, et al., (1987) for other cell lines. It is possible however, that the accumulation of free proline in selected cells occurred as a result of injury / stress (Hanson, et. al., 1977; Dix and Pearce, 1981; Hanson and Hitz, 1982; . The comparatively low levels of K + and very large amounts of Na + that accumulated in NaCl selected calli grown in medium containing 350 mol m -3 NaCl appear to be in contrast to previous reports. It is likely that the levels of K + present in the NaCl medium are sufficient to meet the demands of cellular metabolic processes; any additional role of K + present in the NaCl medium are sufficient to meet the demands of cellular metabolic processes; any additional role of K + as an osmoregulatory monovalent cation may depend, to some extent at least, on elevated levels of Na + in the selected cells in response to high levels of NaCl in the medium. Cell lines of soybean were obtained from the callus culture (Stem) adapted to 85.5 mM (5 gL-1 NaCl) before, then transferred to GB5 basal medium with different concentrations of added salinity , 0.0 (unadapted cells), 171, 342, 513, & 684 mM NaCl (adapted cells). Osmotic and turgor potential of the cells varied through the growth cycle of un-adapted cells and all levels of cells adaptation with maximum turgor occurring at approximately accumulation of fresh weight (El Sayed, 2010 Values are the average of five replicates ± Standard Error (S.E.)
Appendix
Tolerance of adapted soybean cells, indicated by fresh and dry weights gain, did not with increased in turgor. Adaptation of these glycophytic cells to NaCl appears to involve mechanisms which results of soluble sugars and total free amino acids increased as a function of the level of adaptation. The proline accumulated was positively correlated with cell osmotic potential (El Sayed, 2010) . Also, El Sayed (2010) indicated that Na+ and Cl-are principal components of osmotic adjustment. So, organic solutes also make a significant contribution for soybean cells adaptation to NaCl salinity stress 
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